The present study investigated the ecological status of Opa reservoir, Obafemi Awolowo University, Ile Ife, Nigeria, based on the spatial and temporal variations in abundance and distribution of zooplankton. 72 samples were collected monthly with a quantitative net zooplankton from both the surface and bottom levels in three stations established at the dam site (Lacustrine), mid-lake (Transition) and inflow (Riverine) over a period of an annual cycle. A total of fifty-four (54) species were recorded from the reservoir comprising Rotifera (57.41%) > Arthropoda (33.33%) > Protozoa (5.56%) > Ciliophora (1.85%) = Cnidaria (1.85%), in the order of abundance. The least number of species (47) was recorded at the Transition station, while the highest number of species (49) occurred at the Lacustrine zone. Of all the zooplankton recorded, four species had significant spatial variation, while nine displayed seasonal variations during the study period (p ≤ 0.05). The highest species richness was observed in Transition surface station (4.18), followed by Lacustrine surface station (3.80) and Riverine surface station (3.23). Shannon's index showed that zooplankton species were more diverse during the rainy season than dry season. The highest Trophic State Index (TSI CR ) with respect to Rotifer abundance occurred in Transition surface, followed by Riverine surface and the least occurred in Transition bottom portion. The mean TSI CR value obtained was 65.20, indicative of hyper-eutrophic, while the mean TSI CL value with respect to cyclopoida-calanoida obtained was 58.07 also revealing eutrophic status of the study area. Opa reservoir comprises mainly Rotifers and its TSI CR showed the lake as eutrophic, tending towards becoming hyper-eutrophic, which could speed up the aging of the lake.
Introduction
Zooplankton are passive drifters, moving with water currents, yet well adapted for their mode of life, hence can withstand diverse levels of environmental changes in physicochemical water quality, thereby useful for measuring the status of their environment (Paterson, 2001; Imoobe, 2011; Akindele and Adeniyi, 2013) . Zooplankton also serve to link up the lower trophic level comprising of phytoplankton which are primary producers to the macroinvertebrates and fishes, which occupy a higher trophic level of the ecosystem (Akindele and Adeniyi, 2013) . The zooplankton assemblage often influences energy flow through classical food chain, nutrient cycling and community population dynamics within a reservoir ecosystem. This ecological niche has made them key actors in top down grazing effect (trophic cascade) on the bottom up forces which play pivotal roles in bio-manipulation for lake restoration purposes as reported by Carpenter and Kitchell (1993) .
Despite this enormous role played by zooplankton in waterbodies, their distribution has been reported to be affected by factors such as the hydrologic regime of the waterbody (Casanova and Henry, 2004) , physical and chemical variables (Sarkar and Chaudhary, 1999; Arimoro and Oganah, 2010) , drainage density, sinuosity ratio and stream frequency (Akindele and Adeniyi, 2013) , hydrological characteristics (Mitsch and Gosselink, 2000) . According to Adedeji et al. (2011) , their occurrence was found to be directly related to the concentration of the nutrient in the waterbody. Plankton is equally susceptible to a wide range of environmental factors such as water physicochemical properties comprising of temperature, light, pH range, oxygen, salinity and toxic contaminants (Paterson, 2001) .
the Riverine portion, towards the inflow of the lake. The coordinates and depths of the three sampling stations as well as their respective depths can be found in Table 1 .
Water sampling was done between November 2012 and October 2013 covering a period of one year for the zooplankton analysis. Water was collected with an improvised water sampler of 2.5 L capacity used to take bottom water samples and then 20 L of water were sieved through a plankton net of 50 μm mesh size and then strained into a universal bottle of about 30 ml and preserved with both Lugol solution and few drops of 5% formalin before being taken to the laboratory for analysis. In the laboratory, a plankton chamber of about 1.5 ml capacity was filled with the preserved water sample to be viewed under the microscope using an Omax binocular light compound photo-microscope (Model Number: G013050830). Scaled pictures were taken and measurements of identified plankton were also recorded.
Identification of planktonic species was later done based on standard identification guides and keys prepared by Jeje and Fernando (1986), Fernando (2002) .
Estimation of plankton abundance and trophic status
On each of the concentrate taken on the plankton chamber, a count was made so as to estimate the planktonic population abundance with respect to the volume of the sub-sample and to the original volume of water filtered with plankton net. The results were then expressed in organisms per cubic metre of the original water sample (Goswami, 2004) : A= ×1,000
where: A -Abundance of species per litre of original water source; a -Abundance of species in the subsample; bTotal concentrate volume of water used (1.5 ml); cOriginal volume of water (20 L).
The above equation was used to estimate the abundance of zooplankton species. Adesakin et al. (2017) reported direct discharge of untreated municipal/industrial waste, as well as run off from agricultural areas into Opa reservoir, whose effect on the reservoir's physicochemical parameters was significant both temporally and spatially; this could pose a level of risk to the inhabiting aquatic ecosystem. The last record of plankton research carried out on the reservoir, about eighteen years ago (Akinbuwa and Adeniyi, 1991) , noted Rotifers only. The present study, therefore, attempts to evaluate the distribution of zooplankton fauna in Opa reservoir through an annual cycle with a view to determine the effects of the recent dredging of the inflowing River Opa and other smaller streams within the catchment basin. The study would also reveal the present ecological and trophic status of the reservoir.
Materials and Methods

Study area
Opa reservoir is sited between latitude 07030'N to 07031'N and longitude 004031'40''E to 004 032'45''E, within the Obafemi Awolowo University community, IleIfe, Southwestern Nigeria (Fawole and Arawomo, 2000) . The artificial lake was built on the Opa River within the University community in 1978 ( Fig. 1 ) and the project was eventually completed and commissioned in 1979 (Akinbuwa and Adeniyi, 1991) . Opa reservoir has a catchment area covering parts of Ife central, Ife East and Atakumosa West Local Government Areas of Osun state, Nigeria. Opa reservoir is one of the African tropical reservoirs, small and shallow, a knowledge of which can be of benefit to the management of the reservoir in meeting its primary need of water supply and secondarily, as a source of fisheries.
Water sampling
Three sampling stations were established as follows: location A for Lacustrine portion, close to the dam wall; location B at the midlake (Transition) and location C for In determining trophic status of a water body, few quantitative models have been developed. Duggan et al. (2001) developed a potential Rotifer bio-indicator schemes for lake trophic state using TLI (Burns and Rutherford, 1998) EjsmontKarabin and Karabin (2013) .
For the interpretation of the results the following were considered: TSI < 45 = Mesotrophic; TSI (45 -55) = Meso-eutrophic; TSI (55 -65) = Eutrophic; TSI > 65 = Hypertrophic lake.
Qualitative analyses and statistical procedures
The reagent bottles and other sampling bottles were washed with detergent and subsequently rinsed severally and thoroughly with tap water and distilled water before use. Other procedures were followed duly. In order to ensure good results were obtained during the course of the sampling, certain necessary precautions were taken into consideration.
Data collected were subjected to various descriptive and inferential analyses such as the means and standard deviations which revealed planktonic species abundance with respect to season and location. Analysis of Variance (ANOVA) was used to compare mean abundance of identified planktonic species while correlation was used to estimate the strength of relationship between various planktonic groups. Moreover, Principal Component Analysis (PCA) was used to reduce all interactions into components that also showed the relationship among recorded plankton species as applicable using SPSS Version 21 software (SPSS, 2012) .
Results
A total of fifty-four (54) species of zooplankton were recorded belonging to thirty-five (35) genera, twenty-four (24) families, thirteen (13) orders, ten (10) classes and five (5) phyla of zooplankton, as summarized in Table 2 and Fig.  2 . Temporally, nineteen zooplankton (19) species occurred in either of the two seasons, while thirty-nine (39) species were found in both seasons. A total of fifty-one (51) species occurred in the rainy season and forty-four (44) (Table 3) .
Spatially, a total of 37 species were found in the three sampled stations both at the surface and bottom water ( Table 3 ). Species that occurred specific to a station were Vermamoeba vermiformis and Hydrozoan actinula as recorded from bottom portion of Lacustrine and Riverine stations respectively. Some members of the phylum Rotifera namely Argonotholca sp. 2 and Ascormorpha ecaudatus were also recorded at the bottom portion of the Riverine station only, while Asplanchna sp. 1, Asplanchna sp. 2, Anuraeopsis fissa, Brachionus urceus, Ascormorpha sp. were also recorded specific to Riverine, but at the surface water (Table 3) . The least number of species (47) was recorded from Transition station and the highest (49) occurred at the Lacustrine zone of the reservoir (Table 3 The highest species richness was observed in Transition surface station (4.18) followed by Lacustrine surface station (3.80) and Riverine surface station (3.23) ( Table 6) . These values were higher than the recorded species richness of their corresponding bottom stations. Such a result implies that more species were recorded in the surface portion than the bottom. Shannon index also showed a similar pattern spatially, with the highest value at Transition surface station, thus corroborating the highest number of species and abundance recorded at the Transition station of the reservoir.
Seasonally, Shannon's index showed that the recorded zooplankton species were more diverse during the rainy season than in the dry season. The result was further confirmed by Hill's first diversity index (N1), which revealed that 26 species were abundant in the wet season compared with 14 species in the dry season. Spatially, Hill's diversity indices showed that 26 species (highest value) were abundant at the Transition surface portion, while 13 species (the least value) at the Lacustrine surface (Table 6) . 
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Green: present Blank: absent is an indication of hyper-eutrophication process. While comparing the seasons, TSICR value for rainy season was higher than that of the dry season (Table 8) . Moreover, the mean TSICR value of 58.07 obtained from the ratio of the abundances of Cyclopoida and Calanoida also confirmed the eutrophic status of the reservoir. When comparing the TSICR values from the Cyclopoida-Calanoida abundance ratio in the different sampling stations, Transition bottom had the highest TSICR, followed by the Lacustrine surface, while Lacustrine bottom has the lowest TSICR value (Table  9) .
Discussion
Rotifera species were the most abundant zooplankton recorded within the study, which is in agreement with various studies previously carried out on Opa reservoir (Akinbuwa and Adeniyi, 1991, 1996; Ayodele and Adeniyi, 2006; Akindele and Adeniyi, 2013) , as well as data on waterbodies in other parts of Nigeria (Ibrahim, 2009; Arimoro and Oganah, 2010; Okogwu, 2010; Imoobe, 2011 and Ekpo, 2013) , as well as other waterbodies in the world (Mageed and Konsowa, 2002; Duggan and Duggan, 2011) . However, thirty-one (31) species of Rotifera recorded in the present study connote a reduction in the Rotifer composition of the reservoir as compared to sixty-one (61) species reported by Akinbuwa and Adeniyi in 1991. This is an indication of ecological changes that must have affected the reservoir's zooplankton diversity. Akinbuwa and Adeniyi (1991) also reported that the recorded dominance and abundance of Rotifer species in Opa reservoir, during their study, was suggesting that the reservoir is unpolluted. However, results from the current study, especially the trophic status indices, showed the eutrophic feature of the reservoir, hence the reduction in the reservoir's Rotifera species diversity. The current dominance of Rotifers, as compared to other zooplankton species, could also be attributed to their tolerance to a wide range of impact that makes them adaptable to several environmental conditions such as high organic matter or nutrient loading (Arimoro and Oganah, 2010; Clark et al., 2013; Abioye, 2015) . Seasonal and spatial variation in zooplankton abundance was also most 271 (Yao et al., 2014) significant for phylum Rotifera, followed by Protozoa and Ciliophora which could be attributed to their ecological segregation related both to feeding behaviour and susceptibility to contaminants (Olaleye and Adedeji, 2005) . Moreover, Rotifers had the highest and the lowest abundance in the Transition zone (the deeper part of the reservoir) at both the surface and bottom portion respectively. The higher abundance at the surface level might be suggestive of their feeding habit as most phytoplankton was found closer to the surface (Egborge, 1994; Burger et al., 2002; Moshood, 2002) . Akinbuwa (1992) also linked this Rotifer's abundance at the surface water to effect of light on their vertical distribution.
Arthropods, particularly Copepods and Cladocerans were the second most abundant zooplankton recorded in the hereby study, with 33.33% occurrence from a total of 18 species. This is in contrast with the earlier records on tropical waters, whereas it was reported that Cladocerans are rare, especially the larger zooplankton such as Daphnia sp. (Fernando et al., 1987) . This report also contradicts Tshevelova and Pomazkova's (1995) report of Bosmina sp., as the only Cladoceran representative in Lake Baikal, as well as Coulter's (1991) report of no Cladoceran representative in Lake Tangayika.
Certain Rotifer species characterised with eutrophic communities were recorded. They include Anuraeopsis fissa, Keratella tropica, Filinia sp., Brachionus angularis, B. calyciflorus, Trichocerca sp. and Polyarthra sp. Generally, Rotifers, brachiopods and copepods are useful indicators of lake trophic status (Duggan et al., 2001; Offem et al., 2011; Ejsmont-Karabin, 2012 ) and according to EjsmontKarabin's Trophic State Index (TSI) values obtained based on the occurrence and abundance of these organisms, Opa reservoir could be classified as eutrophic tending towards hyper-eutrophic. This is in contrast to Ogunfowokan et al. (2011) report on the same Opa reservoir, who used Chlorophyll-a to classify the lake as mesotrophic. This change must have stemmed from the consistent inflow of nutrients over these years, which could lead to the aging and deterioration of the lake with time. 
